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Abstract:Co-seismic water-level and tempemture changes of the 2008 magnitude- 8. 0 Wenchuan and the 
2011 magnitude -9.0 Japan earthquakes recorded at 10 observation wells in Jiangsu province are presented 
and analyzed. The data show that water level responded more regularly with earthquake magnitude and dis-
tance than water temperature. The response was different for wells located in different tectonic units, being 
weaker in central and northern plain, which has a relatively thick surface layer of loess, than southern Jiang-
su, which is hilly. 
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1 Introduction 
Water-level oscillation m response to distant large 
earthquakes was discovered at a deep well in Italy as 
early as in 1899. A concise theory of water-level fluc-
tuation that reflects passing seismic waves was put for-
ward by Blanehand Rexin et al['-'1 , confirmed the ad-
vantage of using water wells in the study of long wave-
length ground motion. Water-level and water-tempem-
ture changes at artesian wells may reflect not only the 
strain of an aquifer ( such as by studying solid -earth 
tides) in the absence of earthquakes but also co-seis-
mic response to distant large earthquakes. Co-seismic 
response has been actively studied internationally as 
well as in China [ 4 - 9 ]. Through such studies, we may 
better understand stress-strain characteristics of an aq-
uifer, movement of groundwater under tectonic stress, 
the geological and hydro-geological conditions in a re-
gion and possible premonitory changes of earthquakes. 
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In this paper, we present the water-level and water-
tempemture data recorded digitally at 10 wells in Jiang-
su in response to the 2008 magnitude - 8. 0 Wenchuan 
and the 2011 magnitude -9.0 Japan earthquakes, and 
discuss possible causes of their different responses , 
which should be useful in subsequent renovation of the 
wells. 
2 Geological structure and observa-
tion wells 
Jiangsu is located in Lower Yangtze Fanlt Blocks, 
which are bordered by Tancheng-Lujiang and Huaiyin-
Xiangshuikou fanlt zones. Fanlt structure here is well 
developed, and many faults are oriented mostly in 
North-East, and some others in North-West, North-
North-East and Near-East-West directions. Major faults 
include: Tancheng-Lujiang, Huaiyin-Xiangshuikou, 
Jiangshan-Shaoxing, Mufushan-Jiaoshan and Maoshan 
(Fig. 1). 
Most of our observation sites are located in or beside 
active fault zones (as shown by epicenter concentration 
and geothermal anomalies) . Jiangsu has a vast plain , 
where loose deposits are well-developed , and most 
groundwater is interstitial with little water in karst and 
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bed-rock crevices. When selecting sites, we tried to 
cover different areas of different well-formation struc-
ture and depth , and considered the precision of the re-
corded solid-earth tides and the sensitivity to earth-
quakes and post-earthquake activities. Through a 10-
year digitalization renovation during the 9th and the 
1Oth Five-Year-Plan periods, the instruments and e-
quipments at these wells basically met the demand for 
earthquake monitoring and forecast in seismotectonic 
condition and observation quality. The locations of our 
10 observation wells are shown in figure 1 and their 
basic parameters in table 1. 
At each site, water level is measured with a LN-3 or 
LN-3A digital limnimeter and water temperature with 
an SZW-1A digital gauge. Other observed items in-
clude water flow , air temperature , air pressure and 
precipitation. Although some stations had occasional 
instrument failures, the network of stations maintained 
a high observation precision at an annual rate of contin-
uation of 99%. Solid-earth tide records are both clear 
and complete. The focal-mechanism features in the 
seismic records of distant large earthquakes are explic-
it. However, some stations are poor in sensitivity and 
precision and their data cannot reflect the changes of 
underground fluid desirably. Major differences in mo-
nitoring ability may have been seen in the data for the 
Wenchuan and Japan earthquakes presented below. 
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3 Co-seismic water-level and temper-
ature changes 
3.1 The Wenchuan earthquake 
Figure 2 shows the water-level and temperature data 
sampled at 1-minute interval during the day when the 
W enchuan earthquake occurred. The co-seismic chan-
ges showed different features. In water-level, they can 
be classified into four types : ( 1 ) A large pulse , at 
Wells 02 and 22 with an amplitude of more than 1 m. 
(2) A step increase, at Wells 18, 16 and 21 two mi-
nutes after the earthquakes with an amplitude of about 
0. 3 m. The water-level returned to its previous level 
within two months at Well21, but nearly one year later 
at Wells 18 and 16. ( 3 ) A minor transient fluctuation 
for 2 to 3 minutes, at Wells 06, 08 and 12. ( 4) No 
change , at Wells 05 and 14 , although solid tides were 
recorded as usual. 
As shown in figure 2 , the water temperature showed 
an obvious co-seismic drop at Wells 02 and 21, and a 
small rise/fall at Wells 22 and 12, all recovered within 
one day. The temperature at Wells 16 and 18 showed a 
drastic fall of 0. 0442"C and rise of 0. 0382"C , respec-
tively, which lasted for about three months. 
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Figure 1 Distribution of groundwater-monitoring stations in Jiangsu province 
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Table 1 Basic information of water wells in Jiangsu province 
Serial Station Lithology of Elevation Well Type of Tectonic parts observation underground 
number name 
stratum (M) 
Near the north-west Yellow River fault zone, 
Suining Well 02 to the west of Tancheng-Lujiang fault zone Limestone 27.6 
( about 15 km apart) , 
Inside the Shuyang depression , about 23 km Fine sand 2 Suyu Well 05 20.0 to the east of Tancheng-Lujiang Fault Zone block 
Xinglongji height, Liuzhuang tectonics, Jinhu 3 Jinhu Well 06 Limestone 10.0 depression 
Dolomite, 4 Xinghua Well 08 Daiyao tectonics , Qintong depression limestone 3.5 
Inside the east-west Huangqiao-Lvsi Fault 5 Nantong Well12 Diorite 3.8 Zone, Tongyang Uplift 
To the south of east-west Huangqiao-Lvsi 6 Haimen Well 14 Marble 3.8 Fault Zone, Tongyang Uplift 
Near the top of the Qianshan uplift, Jurong The interspersion 7 Jurong Well16 of magmatic rock 20.0 depression , to the west of Maoshan Fault 
and limestone 
To the west of Maoshan East Fault of Maoshan 
8 Dantu Well18 Fault Zone , to the north of Maoshan Spine of Limestone 17.4 
Nanjing - Zhenjiang Reflex Arc 
The uplifted high position of Maanshan Fault, Limestone, 9 Kunshan Well21 3.5 Suzhou anticlinorium. dolomite 
10 Liyang Well22 Near the east-west anticlinal axle, Yixing- Sandstone 27.5 Liyang Mountain Area 
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Figure 2 Co-seismic water-level (black) and water-temperature (blue) changes of the Wenchuan earthquake 
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Figure 3 Co-seismic water-level (black) and water-temperature (blue) changes of the Japan earthquake 
3. 2 The Japan earthquake 
Figure 3 shows the water-level and temperature data 
sampled at 1 minute interval during the day of the Ja-
pan earthquake. 
The water level at 7 out of 10 wells showed an im-
pulsive oscillatory co-seismic water-level change 4 to 
10 minutes after the earthquake for up to half an hour 
with a amplitude of about 2 m; some wells showed a 
step change between 0. 22 m and 0. 70 m. No co-seis-
mic water-level change was observed at wells 05 , 14 , 
and 12. 
As to water temperature, only Wells 02, 18 and 16 
showed co-seismic responses with shapes similar to 
those of the W enchuan earthquake, but with smaller 
amplitudes ( 0. 0112 ° C and 0. 0230° C, respectively, 
of wells 18 and 16). Figure 4 shows the long-term 
hourly water-temperature data of three wells since 
March 11 (when the earthquake occurred). The post-
earthquake water-temperature variations at these wells 
were quite different. At Well 02 , it remained at the 
lower post-earthquake level; at Well 16, it kept drop-
ping after an initial post-earthquake rise for one day; at 
Well 18, it continued to have big fluctuations after a 
small post-earthquake rise. 
4 Characteristics of co-seismic re-
spouses 
Table 2 lists the co-seismic responses of the wells dur-
ing both earthquakes. By analyzing the data shown in 
the table and figures , we can see the following charac-
teristics: 
The water temperature 
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Figure 4 Hourly water-temperature data at Wells 02 , 
16 and 18 after the Japan earthquake 
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Table 2 Response or lack of response of the wells to tbe 
earthquakes( e : tbere is seismic response; 0 : tbere 
is no seismic response) 
Wenchuan Ms8. 0 Japanese Ms9. 0 
Serial Well earthquake earthquake 
numlxrr numiJe, Water Water Water Water 
level temperature level temperature 
Suining 
• • • • Well 02 
2 Suyu 0 0 0 0 Well OS 
3 Jinhu • 0 • 0 Well 06 
4 Xinghua 0 0 0 0 Well 08 
5 Nantong • • 0 0 Well12 
6 Haimen 0 0 0 0 Well14 
7 Jurong • • • • Well16 
8 Dantu • • • • Welll8 
9 Kunshan • • • 0 Well21 
10 Liyaug • • • 0 Well22 
( 1 ) The water levels showed larger and longer lasting 
co-seismic changes than water temperature. This result 
is understandable , because the water-level changes are 
mainly controlled by changes of interstitial pressure and 
water-flow velocity in the aquifers, which can be easily 
perturbed by a very small stress-strain change. On the 
other hand, the water-temperature changes are the re-
sult of the energy exchange between underground wa-
ters and their surrounding media, which are not subject 
to the limitation of the storage space of underground 
water. The water-temperature changes are subject not 
ouly to the influence of the water-flow path and velocity 
but also to such factors as the heat transmission of sur-
rounding rocks and the depth of the water-temperature 
probes in the observation wells. 
( 2 ) More wells showed co-seismic response to the 
Wenchuan earthquake than to the Japan earthquake. 
Although the Japan earthquake was bigger, its larger 
epicentral distances ( 2300 - 2500 km versus 1300 -
1500 km for Wenchuan) made the tectonic units, type 
of underground water, and the water-transmission ca-
pacity of aquifers in between more complicated and di-
versified , and thus led to the various observed differ-
ences in the co-seismic responses of different wells. 
The observed water levels appear to have correlated 
with earthquake magnitudes and epicentral distances , 
but the water temperatures do not, possibly because of 
the reasons mentioned in ( 1 ) . 
( 3) Adjacent wells in the same fault zone may have 
very different co-seismic responses : Well 02 and Well 
05 , located on different sides of Tancheng-Lujiang fault 
zone and about 80 km apart, have similar conditions in 
lithology, well-formation depth, and groundwater type, 
but showed very different responses to the two earth-
quakes , with no co-seismic change at Well 05 during 
both earthquakes. Wells 12 and 14 are located 20 km 
apart on different sides of Huangqiao-Liisi Fault Zone 
of Tongyang uplift. No co-seismic change occurred at 
Well 14 during both earthquakes , indicating a lack of 
sensitivity of this well. In general, several wells in 
central plain showed low sensitivity , possibly because 
of the flat topography, the existence of a thick surface 
layer, or the type of underground water. In contrast, 
the four wells in hilly southern Jiangsu ( 16, 18, 21 
and 22) showed high sensitivity. 
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